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A1\STRACT

Mc.asurcmcnt  of wind fields is important for many reasons. Wind regime data can bc used to infer the amount and
type of wind-induced (acolian)  transport of sand and dusl, or LO establish global circulation models, for example on
other planets. Since local  mcasurcmcnts  arc cosdy and oflcn impossible, it is desired to infer such data from
rcmotd y-sensed information. ‘1’his paper dcscribcs  a polmitial  mczhanism  for remote] y inferring the wind regime by
using synthetic-aperture radar data 10 dcscribc the roughness of the surface, and dcscribcs  a project to estimate the
practicality of using such a mechanism. An cxpcrimcnt  is rcJ~orlcd  that extends the. mechanism to vcgctatcd  sites,
where the goal is to measure potential for erosion.
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INTRODIJCTION

Atmlian transport of small parliclcs  depends on wind flow and is an important quantity to measure for several
economic-related reasons. The direct mcasurcmwrt  of wind flow regime generally involves construction of wind
towers and many days of data collection, making such data cxlrcmcly  cxpcnsivc  and prohibitive in areas that cannot
bc easily acccsscd.  If some estimate of wind regime could bc made from rcmolc]y-sensed data, important gc.ological
and ecological problems on Earlh and other plane.ts could bc a(htrcsscd,  Indeed, qualitative usc has bc.e.n  made of
radar wind streaks on Venus to assess the dircclion of wind flow and to infer global wind pallcrns  [Gee/ey C( al.,
1992], but the addition of quantitative informalicm  would bc a wclcomcxt addition.

‘1’hc cffccl of roughness on the wind field is paramctcrizc,d  ia terms of a scaling lcnglh  that, for a given surface,
dctcrmincs  the height at which the wind spccfl bczomcs  zero. Since in fact the wind spctd never rcachcs  zero even
at the surface, a more practical paramclc.r  is the height at which extrapolation of the wind speed rcachcs zero,
gcncrall  y rcprcscntcd  by zo[Ar-ya, 1982]. Microwave rcftcctivity  is a funclion  of the radar parameters used (e. g.,
wavelength, incidcncc, angle, and transmiit  and rcccive polarization) and the surface propcrlics (surface topography
and complex dielectric constant), For modcsl topography and typical materials, the roughnc.ss at or near the radar
wavclcngt?r  dominates [Rlom et al., 1987; Wall and VanZy!, 1989].

Since both radar and wind ftow respond directly to surface roughrms, it is reasonable to suspect that a fairly wcll-
bc.havcd quanthativc  relationship might cxisl  bclwcm normalized radar backscattcr  cocfficicnt,  d, and Z. [Ulaby  ef
al., 1992], Of course, the scales of topography that affect the wind arc much broader, and only  if the target area
contains no rOUghnCSS at scales significantly greater than lhc radar wavelength could the relationship bc cxpcclcd  to
bold dcpcndab]y,  In fact, however, estimations of Z. from wind profile data also require a large homogeneous fetch
in order to assure that mcasurcmcnts  arc. k~kcm within an equilibrium boundary layer.

‘1’hc Radar and Aeolian Roughness Projc.ct (RARP) has bccJ) formed in order to investigate whether such a
relationship exists, to dctcrminc  the rc]ationship(s)  over a varicly  of surface types, and to seek a theoretical basis
from which to extend the relationship to surfaces that cannot bc dircdly examined [Gr-ee/ey el al,, 1991a], Wc have
collcctcd  wind data using towers instrumented with ancmomctcrs  in both dcscrl  and vcgctatcd areas, and have





ovcrftown  these same sites with the NASA IX-8 aircraft fiucd with AIRSAR, a three frcqrrcncy, polarimclric  SAR
dcvclopcd  by JPI, operating at P, 1. and C bands [Evan,T ef al., 1986; Vogt, and Kobrick,  1991]. Mulliplc

ovcrftighLs of each silt crcatcd a data set from which CJO can bc calculated at multiple incidcncc  angles, frcqucncics
and polarizations. In previous rcporls wc have shown that in dcscri areas I z-band (24-cm wavclcnglh),  cross-
po]arizcd  (} IV) radar backscatlcr  lakcn at an incidcncc  angle of 40 dcgrccs  demonstrates the bcsl-behaved
relationship 10 Z. [G@cy  ef al., 1991  b], Desert sites were c.hoscn on lava flows, alluvial fans dominated by sand
and gravel of differing ages and roughncsscs,  and on a silt-clay playa. l’here, roughrrcss  varied from a fcw cm to a
fcw kms of cm, although rills and small washes 1 to 2 m wide were common, All sites were unvcgctatcd  with lhc
cxccplion  of occasional crcosolc  bushes in the washes and isolalcd  patches of grasses. Signs of aclivc sand transport
ancl in sonm cases of abrasion, were cvidcnl.

Wc dccidcd to compare this relationship 10 data from vcgctatcd sites where wind erosion is a potcnlial problcm, In
the desert sites surface roughness has two components: (1) size and arrangement of surface parliclcs  and (2)
submctcr-scale roughness of the surface. Vegetation adds not only the complication of a third factor (the ncw
surface consisting of the slcms,  branches, and leaves), bal also adds a possible nc.w interaction mechanism twcausc
the surface is now “thick”; that is, it is at least parlly pc.nctrablc by both microwaves and the, wind. In the case of
microwave energy, lhis  adds the possibility of mulliplc-bounce gcomctrics  which lend to dc.polari?c  lhc returned
energy. In the case of the wind the cffccl  is far lCSS clear.

A site near the village of Stauning,  Denmark, in lhc river Skjcrn  dc.tla area near Ringkobing  Fjord, has been
equipped with mc(coro]ogical inshwmcnts  for some time and was sclcclcd for study.  q’hc area is agricultural,
including a varicly of Ircc and crop lypcs. Of the eight areas sclcctc,d for this SIUdy,  seven were sewn in various
crops (c. g., barely, rape, bccl, peas and grasses), and CHIC is a stand of Spruce Lrccs. v%c~tion  MM Varies  fron~
tens of ccnlimclcrs  to several meters, and d~c corresponding rouglmcss  lcnglhs arc Z.= 0.02 to 0.75 [k!a.wnus.wn el
al., 1993], Unlike the desert sites of lhc previous sludy,  here all sites were essentially 100% vcgctalcd,  However,
cvidcnccs of aclivc adian  transporl were, present, and 0.5 to 1 cm low rills were observed widl spacing of 5-10 c.m
or larger.

DATA CO1.I.lX”l’ION

‘1’hc DC-8 ovcrftight  was organized and cxccutcd in July  1991. The AWSAR obtains data al three wavclcnglhs
simultaneously with 12.5 m resolution, but multiple flights  over targcls  arc required to assemble a multip]c-angle
data SCL Radiomctric  calibration accuracy of the. rcsulling ima~cs  is cs[imamd  al+/- 3 dll [ VanZyl,  1990].  Denmark
largcls,  including the Stauning silt, were imaged al mullip]c  incidcncc  angles near 1400 UT. A set of trihcclral
corner reflectors placed on the Norlh Sca coast  was also imaged to ensure radiomctric  calibration of the data.
lmagcs  such as thal shown in Figure 1 were produced froni the AIRSAR data, and radiomc[ric  calibration was
chcckcd using the known response of tlm corner rcflcclors.  High( areas for which Z. is known or could bc inferred
from field work were identified in the images.

Soil moisture samples were taken from some of the sites, and local observations were rccordcd. All sites had
volumetric moismrc  content near 30Y0. Contemporary mc.tcrological  data were obtained at the Stauning site,
although the Z. data used in this sludy is from the larger SC( of data available for the silt, as dcscribcd  below.

ATWA1.YSIS

Patches rcprcscnting  the eight lest areas were cxlraclcd  from the data and were averaged in power 10 crealc estimates
of 1.-band H V backscatlcr  cross-section. These wc.rc compared with lhc corresponding roughness measures,
Fistimatcs  were made for all other wavelengths and angles and for }1 H and VV data but were nol used for this sludy.
Polari~alion  signatures were constructed for each site and chcckcd for signs of contamination or other problems, and
(will)  the cxccption  of the P-band data, which was not used here) all data were. Judged to bc reliable.

Wind profile data for the Stauning silt arc available from June 1991. Those showing near-neutral lhcrmal  slability
were used to calculate values of 7,., and these lallcr data were found to bc uniform bctwccn 3 to 5 cm at the main
silt. }Iot-wire ancmomclcr  data were taken at 1.5 m above the surface on three other sites for both morning and
afternoons. A proportionality constant of 0.75 was assumed to relate zero-plane disptaccmcrrt  to the measured crop
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height, and lhcsc data were used 10 calculalc  7,., At the grass sites no ctircct  mcasurcmcnl  of Z. was available.
lnslcad,  values were cslirnatcd  as suggested by Rrutsrwrf, 196’2,  assuming Z. = 0.55 }1, where }1 is grass height.

CONC1.USION

I’hc resultant relationship of 0° to Z. is ptot[cd in I:igurc  2 together with our previous desert results, Note that 0° is
plot(cd  in dccibcls  (dR) against log Z.o, so the, plot is csscniial I y a log-log plot of height against rctumcd  power. I/or
seven of the vcgctatcd areas (the agriculhrral  fields) the radar backsc.at[cr  values arc of the same order of magnitude
(in dD), and the Spruce site is much brighter. Although all of the. vcgctatcd sites arc both brighter in backscattcr  and
rougher than the previous study, there is an ovcratl good correlation bctwccn  the two data sets. Cocfficicnt  of fit

(R2) is 0.79 for the entire plot.

Wc arc now prepared to continue this shrdy Lowards our ultima{c goal of having a prcdic.live model. First WC will
invcstigalc  lhc relationship in the rnorc complicated case of a hclcrogcncous  roughness, with scattcrcd  vegetation.
Second, wc plan 10 cslablish  a theoretical basis for the CJO - Z. association so that wc may more comfortably extend
the empirical relationship into a predictive model.

AC KNOW1.1tI}G1th41  CN’1’

WC. would like to thank M. Kobrick  and M. Vogt for arranging the IX-8 ovcrtlight,  }1, Kampskolc  for assistance in
dcployirrg  corner reflectors, and the Riso National 1.aboratory  for rnctcorological  data. Paris of the research
dcscribcd  in this paper was carried out by the Jet Propulsion 1,aboratory,  California lnstitulc  of Technology, under
contract with the Nalional  Aeronautics an(i Space Adminislralion,

RIWIWENCES

Arya, S. P,, 1982. Atmospheric boundary Iaycrs over homogcnous  tc.rrai n. In: E. Plate (cd.), Engineering
Meteorology. Elscvicr,  Amsterdam, 233-268.

}lloJn,  R. G., Schcnck. 1.. R., and AtIcy, R. 1{., 1987. What arc lhc, hcsl radar wavclcng~h,  inc.ide.ncc angles, and
polarizations for discriminating among lava flows and sc.dinmnlary  rocks? A statistical approach. lFIIiE Trans.
Gcosci  Remote Sensing GE-25, 208-213.

Brulsacrt,  W. }1., 1982. Ilxchangc  proccsscs  at the carlh-alnlosphcrc  intcrfacc. In E.. Plain (cd,), EiIc&~!!!g
-M<IQ@lgy, 319-370. Elscvicr,  Arnstcrdam.

I;vans,  D. 1,., I;arr,  T. G,, Ford, J. P., I’hompson. 1“. W,, and Werner, C. 1.,, 1986. Mullipolarixation radar images for
geologic mapping and vcgctalion  discrimination. IEFX Transactions of Gcoscicncc  Remote Sensing 24,774-789.

Grcclcy,  R,, Ciaddis, ),., Lancaster, N., Dobrovo]skis,  A,, ]vcrscn,  J., Rasmussen, K., Saunders, S., van7,yl,  J., Wall,
S., Z,cbkcr,  }1., and While, Il., 1991a, ASSC.SSJIICIM of aerodynamic roughness via airborne radar Observation.s. Acla
Mcchanica 2: 77-88.

Grcc]cy, R., I}obrovolskis,  A,, (iaddis,  1.,, lvcrscn,  J. 1)., l,ancaslcr,  N., 1,cach, R,, Rasmussen, K,, Saunders, R. S.,
Van7,yl, J., Wall, S., White, Il. R,, and Zcbkcr, }1., 1991a. Radar-Aeolian Rcnrghncss  Project, NASA Contractor
Rcporl 4378, Washington, DC., 132,  pp.

Grcclcy,  R,, Arvidson, K, 1;., Elachi, C,, Gcringcr,  M, A,, I’lauI, J. J., Saunders, R. S., Schubcrl,  G, S., Stofan,  R. R.,
‘1’houvcnot, F.. J. P., Walt, S. D., and Wcitz, C. M., 1992. Acol i an features on Venus: preliminary Magclhm  results.
J. (icophys.  ~CS.  97, H8, 13319-13345.



,.’

Rasmusscm, K. R., Wall, S., Grcclcy, R., IIlumbcrg,  11. G., and Mikkclscn,  11. E., 1993. Assessment of aerodynamic
roughness over a vcgclatcd surfac.c using radar backscatlc.r.  Proc. 251h lntcraational  Symposium on IWmolc  Sensing
and C;lobal  Environmental Change, Graz, Austria.

Ulaby, F. T., Moore, R. K., and Fung, A. K., 1982. M.iuQwiiwJUmotc  Sc.nsin~  VOIUnN 11: R@@tc~&@~ilg
~lti[aa~f~m~titih~o~.  Addison-Wesley, Massa~hlls~tL~.

Vogl, M, and Kobrick, M., 1992. AIRSAR Data Digcsl, Summer 1991. Internal Documcnl  D-9382., Jet Propulsion
laboratory, Pasadena, CA (USA).

VanZyl,  J, J., 1990. Calibration of polarimclric  radar images using only image pararnctcrs  and trihcdral  corner
rcfhxtor responses. Journal of Geophysical Research 28, 337-348.

Wall, S. D., and vanZyl, J, J., 1989. lnvcsligalion  of the, relationship of SAR 11}1  and VV backscattcr  to surface
roughness and dielectric constant. }’rocccdings  of the lnlcrnational  Cicoscicncc  Remote Sensing Symposium,
Vancouver, BC.


